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3,242,716
APPARATUS FOR MEASURING THERMAL
CONDUCTIVITY

Yames E. Webb, Adminisirator of the National Aeronau.
tics and Space Administraticn, with respect to an
invention of Peter E. Glaser, Izor A. Black, Gustav L.

Gustafson, and Herbert E. Soini

Filed Oct. 7, 1963, Ser. No. 314,572
. 19 Claims. (CL 73—15)

This invention relates to a device for measuring thermal
conductivity of materials, and more particularly to a de-
vice for measuring thermal conductivity of insulating ma-
terials, one side of which is to be exposed to cryogenic
fluids.

Many technological processes and spacecraft fuel sys-
tems require large-scale use of cryogenic fluids; and the
storage, handling and transportation of these fluids in
turn requirs effective and efficient insulation. The thermal
conductivities of various insulating materials and the
influence of diverse factors such as mechanical loading,
gas pressure, and operating temperature are most useful
in assessing the performance of insulations for specified
design conditions. Hence, it is necessary to have avail-
able a reliable apparatus for assessing thermal properties
of insulation under these various conditions. A number
of thermal conductivity measuring apparatus have been
developed which are designed particularly to measure
small heat flows through test materials. However, none
of these have been capable of furnishing all of the re-
quired test conditions, nor have any of them been suffi-
ciently flexible to vary test conditions in an accurate and
controllable manner. L

The prior art devices can generally be described as be-
ing of the spherical, cylindrical, or flat-plate type ap-
paratus., In the spkerical apparatus, an inpner sphere
containing ervogenic liquid is surrounded by an outer
sphere, the latter being kept at a uniform temperature by
means of an electrical heater or a circulating liquid. The
test specimen of insulation is placed between the two
spheres and heat conductivity measured 'in terms of the
boil off rate of the cryogenic fluid contained in the inner
sphere. Although such apparatus is simple to construct,
it has certain inherent disadvantages among which may
be listed is the fact that spherical-shaped insulation is
difficult to produce in some types of insulation, the den-
sity of the specimen is not easily controlled, only one
size sample can be tested, difficulty arises in applying
mechanical pressure to the specimen, and, finally, the
heat leak along the neck of the spherical apparatus can-
not easily be estimated.

In the cylindrical apparatus, a cylindrical measuring
vessel is guarded on beth ends with cylindrical vessels,
and all three vessels are filled with the same cryogenic
liquid. The outer jacket is kept at a uniform tempera-
ture, and the boil-off rate of the cryogenic fluid in the
measuring vessel is used to calculate thermal conductivity.
Although this apparatus is somewhat more adaptable to
various types of insulation, it is still difficult to apply
various mechanical pressures on the specimen, and diffi-
culties in density control are encountered.

The flat plate thermal conductivity test apparatus con-
sists of a hot and a cold flat plate betwezen which a flat
specimen of insulation can be inserted. The apparatus of
this invention is of this type. As an improved flat-plate
device the apparatus of this invention permits the measure-
ment of thermal conductivity over an easily adjustable
range of temperature, within controlled physical environ-
ments, and achieves a degree of flexibility hitherto not
obtained from any prior art devices.

It is, therefore, a primary object of this invention to
provide an improved flat-plate apparatus capable of ac-
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gurately determining the heat conductivity of a sample
insulation. ’

. It is another object of this invention to provide an
improved flat-plate apparatus which is adaptable for
measuring the heat conductivity of a variety of insulating
materials (including multi-layered foil insulation, powder,
fibers, cellular structures of organic or inorganic ma-
terials) with a thermal conductivity ranging from 0.0001
to 0.5 B.t.u.—in./hr/ft.2—° F.

It is another object of this invention to provide an im-
proved flat-plate apparatus in which the sample to be
evaluated can be exposed to a very wide range of discrete
temperatures, and which is flexible in that the atmos-
phere, thickness of the specimen, and temperatures can
be readily and accurately changed and controlled during
testing.

Other objects of the invention will in part be obvious
and wiIl' in part be apparent hereinafter.

The invention accordingly comprises the features of
construction, combinations of elements, and arrangement
of parts which will be exemplified in the constructions
hereinafter set forth, and the scope of the invention will
be indicated in the claims.

In¥the following description, the terms “hot” and
“cold” are used in a relative sense. As will be apparent,
the cold side or cold plate may be maintained at a tem-
perature ranging from —450° to —22° F., depending
upon the boiling point of the specific cryogenic fluid
used; while the hot or warm side of the sample can be
exposed to any temperature from —422° to 900° F.
Thus, it will be seen that these terms are relative and
that the temperature difference between the hot and cold
plate may be relatively small or relatively large, dépend-
ing upon the insulation which is to be evaluated.

For a fulier understanding of the nature and objects
of the invention, reference should be had to the following
detailed description taken in connection with the accom-
panying drawings in which:

FIG. 1 is a simplified diagrammatic representation of
the apparatus of this invention showing the relationship
of the essential elements;

FIG. 2 is a longitudinal cross-section of the apparatus
of this invention shown in detail;

FIG. 3 is a fragmentary detailed section of the bottom
side of the warm plate; and

FIG. 4 is a cross-sectional detail drawing taken along
line 4—4 of FIG. 3.

For the reason that the device of this invention is a
{elative]y intricate apparatus, FIG. 1 is offered te present
itasa simplified form for ease in understanding the rela-
t10n§hip of the various elements of the device. In the fol-
Ilowmlquescription reference should be had to both FIGS.

and 2.

Inasmuch as the entire apparatus of this invention

5 must embody means for evacuating portions thereof for

purposes of insulation, it may be considered to be a large
bell jar formed of an upper section 10 and a lower sjc
tion 12. Upper section 10 has a top portion 11 through
which various conduits must lead to the atmosphere.
These will be described below. The bell jar is preferably
constructed in two sections to make a specimen chamber
20 contained therein readily accessible while at the same
time requiring only a minirmum amount of head room for
raising the lower section of the bell jar. The upper and
the lower sections of the bell jar are joined through suit-
able flanges 13, O-ring seal 14, and a plurality of screws
15 which join the sealing plugs 17. Within the bell jar
is a co'd plate 16 and a warm plate 18 which define be-
tween them a volume for locating the insulation speci-
men; thus making it possible to expose each of the two
flat surfaces of the insulation to be tested to a different
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temperature. Both cold plate 16 and warm plate 18 are
made, for example, of stainless steel.

For clarity of presentation, it will be convenient to
described first the upper section of the bell jar and the
apparatus which is required to mainttain the cold plate
16 at a constant cold temperature, and then to describe
the warm plate and its attendant apparatus.

To maintain the cold plate 16 at a constant cold
temperature, it is necessary to contact it with a cryogenic
fluid on its upper surface. This is accomplished throngh
the vse of a measuring vessel 21 which contains a cry-
ogenic Imuid in contact with the upper surface of the
cold plate. This vessel is equipped with an arched top
22 and contains within it a cryogenic fiuid, the boil-off
rate of which is to serve as a measure of the thermal
conductivity of the specimen being tested. The cryogenic
fluid is metered into measuring vessel 21 through a fill
line 24. The vessel is also equipped with a primary
vent line 26, which leads to a manometer and a measur-
ing device 140 which is designed to continuously measure
the gases boiled off from the cryogenic fluid. As a safety
precaution, the measuring vessel is also equipped with
a secondary vent line 28. These fill and vent lines are
contained within low thermal conductivity sheaths 29
which are sealed by an end plug 30 to thermally isolate
one vessel from the other. To minimize heat transfer
throngh radiation into the measuring vessel 21 all of these
lines communicate through radiation traps in the form
of T-joints 31. A shield 32 of high thermal conductivity
is placed within the measuring vessel to serve as tem-
perature equalizer to prevent stratification of the cry-
ogenic fluid at low heat fluxes and as a radiation shield
if the fluid level is low.

Around measuring vessel 21 is a first or inner guard
vessel 33 which is designed to contain the same cryogenic
fluid which is used in the measuring vessel. Inner guard
vessel 33 includes a bottom plate 34 which terminates
in a flanged ring 35, an inner wall 36, an outsr wall
37, and arched tops 38 and 39 for the inner and outer
walls, respectively. The arched top 38 conforms in con-
figuration to the arched top 22 of the measuring vessel.
Inner guard vessel 33 contains within the cryogenic fluid
a shield 42 designed, as is shield 32 in the measuring
vessel, to serve as a temperature equalizer to prevent
thermal stratification of the fluid at low heat fluxes or
as a radiation shield if the fluid level is low. A fill line
46 is provided for introducing the cryogenic fluid into
inner guard vessel 33, and a vent line 48 is provided to
permit the boiled off gases to leave this vessel. The
fill and vent lines associated with measuring vessel 21
and inper guard vessel 33 pass down into the bell jar
through an inner protective sheath 41 which contains
therein a series of annular radiation shislds 44. This
inner sheath in turn passes through an outer protective
sheath 47 which is fluid-tightly sealed to the top 11 of
the bell jar.

Between measuring vessel 21 and inner guard vessel
33 is an cvacuated space 40. To evacuate this space a
suitable vacuum connection 65 containing a section of
bellows 66 is provided. The latter being designed to
increase the length of any heat transfer path and to
provide relative movement of the vessel parts due to
thermal expansion er contraction.

Surrounding inner guard vessel 33 is a second or outer
guard vessel 59 which will normally be filled with liquid
nitrogen if liquid hydrogen is used in measuring vessel
21 and in inner guard vessel 33. The outer guard vessel
is formed of a flanged bottom 59, an inner wall 51 having
an arched top 52, and an outer wall 53 having an arched
top 54. A fluid inlet line 56 serves to introduce the cry-
ogenic fluid into the guard vessel, and a veated line 57
serves to remove boiled off gases. These lines in turn
pass through a protective sheath 58 which has a bellows
section 62 designed to lengthen any heat transfer path
and bence reduce heat leaks, A shield 60 is also placed
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within this outer guard vessel to serve a function similar
to shields 32 and 42.

Between outer guard vessel 59 and inner guard vessel
33 is a space 61 which is evacuated through the bellows
vacuum connection line 63 which joins inner top portion
52 with outer top portion 54 of outer guard vessel 59.

Quter guard vessel 59 is held in place by a support
plate 68 which is mounted on a collar 69. A sleeve
70 passes through an opening in the support plate 6&;
and in this sleeve 70 is located a cold plate guide 71.
Through this guide 71 onter guard vessel 39 can be moved
and adjusted through the mechanically joined lever arms
74, 75 and 76 which are in turn actuated by a screw
78 located outside the main bell jar so as to make or
break thermal contact with radiation shield &8.

Inner and outer guard vessels 33 and 59 and evacuated
spaces 40 and €1 assure an accurate measurement of
the thermal conductivity of the specimen to be realized
since thay cause the heat not pertinent to the measure-
ment of the thermal conductivity of the specimen not
to affect the temperature of the ¢ryogenic fluid in measur-
ing vessel 21. Accordingly, the measure of the gas boiled
off from the cryogenic fluid in measuring vessel 23, deter-
mined only by the heat transferred through the appropri-
ate portion of the specimen, will provide a precise indica-
tion of the thermal conductivity of the specimen.

The bottom portion 12 of the apparatus, having a
base member 8§7, contains specimen chamber 20 and
the warm plate 18. Because it may be desirable to vary
the atmosphere in specimen chamber 20 to which the
specimen i% exposed during test, specimen chamber 20
is contained in a fluid-tight housing 101 within the bot-
tom portion 12 of the bell jar. This fluid-tight housing
comprises main housing or skirt 84 which terminates in
a bottom section §35, supported by hollow columns £5.
Aszociated with main housing 84 is a radiation shield
88, contacting a support 89, which may be maintained
in thermal contact, is desired, with bottom 50 of ouler
guard vessel 59 through the use of a thermal connector
99. Itis possible to break this thermal connection merely
by>raising outer guard vessel 59 with the screw 78 if
that is desired. The primary purpose of radiation shield
88 is to control the temperature of the enclosure seen
by the edges of the insulation. Volume $1i within
specimen chamber 20 may be evacuated; and this is
accomplished through evacuation line 92 which leads
to a vacuum pump (not shown) by way of 2 snitable
cold trap 93. In this case a thin stainless steel or plastic
membrane {not shown) is used to close off the volume
$1 portion of the specimen chamber 28.

Warm plate 18 is supported on a plate support 93
which in turn is held by a plate support housing $5 which
terminates in a bottom plate 97, these elements defining
an enclosure 126 about the bottom portion of warm
plate 18. This entire warm plate assembly and its asso-
ciated housing can be moved vertically through the use
of a hydraulic jack in which the controlled piston 98
thereof is shown enclosed within a sheath 93, which
sheath in turn is fixed to bottom plate 97. This adjust-
ment makes it possible to accommodate test specimens
of various thicknesses and/or to apply mechanical cong
pression thereto.

During testing, it is essential to be able to level off
the plates and to determine the distance between the
bottom of cold plate 16 and the top of warm plate 18,
i.e., the thickness of the specimen being tested; and this
is done through the use of a series of three-height-
measuring devices spaced at 120°, each comprising three
arms 104, 103, and 106 which in turn, are mounted out-
side of enclosure 126 with arm 106 in a collar 167
and maintained in tension by spring 198. Arm 186
passes through base member 87. Only one of these
devices is iflustrated in FIG. 2. A suitable measuring
gauge 189 is aitached to this height-measuring device
and indicates the thickness of the specimen within speci-
men chamber 20. In addition, should it be desired to
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determine the gas pressure existing within specimen cham-
ber 20, this is accomplished by a pressure gauge line
111 being coupled to a suitable pressure gauge (not
shown).

It may also be desirable to evacuate or to control the
pressure of the area wherein the specimen is resting on
warm plate 18. This is accomplished by attaching a
specimen chamber vacuum line 116 to the bottom por-
tion of warm plate 18 which contains a central circular
well 117 (see FIG. 3), the well being connected to radial
channels 118 (see FIG. 4). Through the use of these
radial channels, it is possible to equalize test conditions
over the entire bottom surface of the insulation being
tested.

The desired temperature of the warm plate is obtained
and held constant by the circulation of a constant-
temperature fluid into the enclosure 125. This is done
through the use of a fluid line 122 connected to a fluid
distribution pipe 123 which contains a plurality of ports
124 through which the temperature controlling liquid
passes to strike the bottom portion of the warm plate and
to maintain the temperature in enclosure 126 at the de-
sired constant level. A vent line 128 is provided to
remove the fluid from enclosure 126. Thermocouples
are embedded in the top surface of warm plate 18 for
measuring the temperature thereof,

Suvitable insulation shielding 130 is provided around
the sheath 99 and extends into housing extension 132, all
of the extensions of the housing and the sheath making
fluid-tight seals to insure the integrity of the vacuum
within the bell jar. The entire bell jar is evacuated
through a suitable line 134 which leads to a vacuum
pump, not shown.

In utilizing the apparatus of this invention to evaluate
insulation, a wide range of testing conditions can be at-
tained, thus making the apparatus versatile as well &s
substantially complete in its operation. As pointed out,
the apparatus can be used to measure thermal conduc-
tivities of multi-layered insulations, powders, fibers and
cellular structures over a range from about 0.0001 to
0.5 B.tu~—in./hr./ft2—°F. The choice of cryogenic
fluid used in the measuring and guard vessel may be such
as to maintain the cold plate at temperatures ranging
from —452° F. to —22° F. The fluid used to maintain
the warm plate at constant temperature may be a cryo-
genic fluid, ie., the liquid hydrogen, or an extremely high
boiling liquid, thus extending the upper temperature limit
to about 900° F.

From the description of the apparatus, it will be seen
that the insulation specimen or sample may be exposed,
irrespective of the vacuum in the bell jar, to a wide range
of gas pressures which may vary from 10~6¢ Tor to 15
ps.ia. Likewise, the atmosphere within the test cham-
ber may be changed and the specimen test cham-
ber purged during test. Because the assembly which
supports the warm plate can be moved by the hydraulic
jack, it is possible to apply mechanical compression
(typically from 0 to 50 p.s.i.) to the sample while the
test is in progress to change the thickness and density of
the insulation sample during test.

The thermal conductivity of the test sample is, of
course, measured in terms of the quartity of cryogenic
fluid boiled off from that in the measuring vessel. The
manner in which this fiuid boil-off is measured is not part
of this invention, and it can be accomplished by means
known to those skilled in the art. The amount of fiuid
boiled off is, of courss, directly related to the amount of
heat transferred from the warm plate to the cold plate
through the insulation sample under test. This in turn
is a measure of the thermal conductivity of the sample.

Although the apparatus of this invention has been
described in terms of evaluating the heat transfer prop-
erties of insulation, it is equally well suited to the meas-
urement of thermal conduction of any material which
is physically capable of being located between the warm
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‘and cold plates in a manner to make thermal contact with

them. It is, therefore, not meant to limit the apparatus
to the evaluation of insulation. In addition, while the
description relates to a double guarded apparatus, a
single guarded one is contemplated to be within the scope
of the invention.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding descrip-
tion, are efficiently attained and, since certain changes
may be made in the above construction without depart-
ing from the scope of the invention, it is intended that
all matter contained in the above description or shown
in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense.

What is claimed is:

1. An apparatus for determining the thermal conduc-
tivity of a specimen comprising:

(a) a specimen chamber for containing said specimen;

(b) cold means positioned on one side of said speci-
men chamber capable of being brought into thermal
contact with said specimen, and not formed as an
integral part of said specimen;

(c) warm means formed as part of said specimen
chamber capable of being brought into thermal con-
tact with said specimen, whereby heat is transferred

£ from said warm means through said specimen to

< said cold means;

(d) said warm means including a warm plate having
a surface thereof adapted to be brought into thermal
contact with said specimen, and heat generating
means positioned in close proximity to said warm
plate for supplying controlled heat thereto;

‘(e) said warm plate having a central circular well
formed in its base, and radial channels connected
to said well, thereby, by attaching a vacuum line
to said well, it is possible to equalize test conditions
over the bottom surface of said specimen;

(f) heat measuring means for indicating said heat
transfer through said specimen and, accordingly the
thermal conductivity thereof;

(g) guard means cooperating with said specimen
chamber so that only said heat transferred through
said specimen is directed to said cold means and
detected by said heat measuring means, and

(h) an evacuatable housing enclosing all but said heat
measuring means of the aforementioned elements of
said apparatus.

2. An apparatus for determining the thermal conduc-

tivity of a specimen comprising:

(a) a specimen chamber for containing said specimen;

(b) cold means positioned on one side of said speci-
men chamber capable of being brought into thermal
contact with said specimen, and not formed as an
integral part of said specimen;

(c) warm means formed as part of said specimen
chamber capable of being brought into thermal con-
tact with said specimen, whereby heat is transferred
from said warm means through saidtspecimen to
said cold means;

(d) said warm means including a warm plate having
a surface thereof adapted to be brought into thermal
contact with said speccimen, and heat generating
means positioned in close proximity to said warm
plate for supplying controlled heat thereto;

(e) said heat generating means including a fluid dis-
tribution pipe positioned below said warm plate and
having a plurality of ports therein, a fluid lire con-
nected to said fluid distribution pipe for passing a
constant-temperature fluid thereto, and a vent line to
remove the fluid from said enclosure, whereby the
fluid is sprayed from said ports and strikes the
bottom portion of said warm plate to maintain it at
a desired temperature;

(f) heat measuring means for indicating said heat trans-
fer through said specimen and, accordingly the ther-
mal conductivity thereof;
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(g) guard means cooperating with said specimen cham-
ber so that only said heat transferred through said
specimien is directed to said cold means and de-
tected by said heat measuring means; and

(h) an evacuatable housing enclosing all but said heat
measuring means of the aforementioned elements of
said apparatus.

3. An apparatus for determining the thermal conduc-

tivity of a specxmen comprising:

(a) a specimen chamber for containing said specimen;

(b) cold means including a cold plate positioned on
one side of said specimen chamber capable of being
brought into thermal contact with said specimen, and
not formed as an integral part of said specunen,

(¢) warm means formed as part of said specimen cham-
ber capable of being brought into thermal contact
with said specimen, Whereby heat is transferred from
said warm means through said specimen to said cold
means;

(d) heat measuring means for indicating said heat
transfer through said specimen and, accordingly, the
thermal conductivity thereof;

(e) said heat measuring means including a measur-
ing vessel affixed to said cold plate, and means con-
nected to said measuring vessel for introducing a
cryogenic fluid therein and for removing gas boiled
off from said cryogenic fluid, whereby said removed
gas is transported to a gas volume measuring means;

(f) guard means cooperating with said specimen cham-
ber so that only said heat transferred through said
specimen is directed to said cold means and detected
by said heat measuring means; and

(g) an evacuatable housing enclosing all but said heat
measuring means of the aforementioned elements
of said apparatus.

4. The apparatus of claim 3 wherein:

(a) said warm means comprises a plate and a comn-
trolled heat source positioned in close proximity to
said plate;

(b) said cold and warm plates are flat and spaced in
parallel relationship with each other and form be-
tween them a space wherein said specimen may be
placed; and

(c) means are included to cooperate with said plates
to position them in thermal contact with said speci-
men.

5. The apparatus of claim 3 wherein said guard means

comprises:

(a) a guard vessel substantially surrounding the top
and the wall of said measuring vessel and spaced
therefrom;

(b) means connected to said guard vessel for introduc-
ing a cryogenic fluid therein and for removing gas
boiled off from said cryogenic fluid.

6. The apparatus of claim 5 wherein said guard means

further includes:

(2) another guard vessel substantially surrounding the
top and the wall of said aforementioned guard
vessel and spaced therefrom; and

(b) means connected to said other guard vessel for
introducing a cryogenic fluid therein and for remov-
ing gas boiled off from said cryogenic fluid.

7. The apparatus of claim & further including:

(a) means associated with said specimen chamber for
controlling the atmosphere therein;

(b) means coupled to the space between said measur—
ing vessel and said guard vessel to form a vacuum
therein; and

(c) means connected to the space between said guard
vessel and said other guard vessel to evacuate the
air therefrom.

8. The apparatus of claim 7 further including shield
mieans Jlocated within said measuring vessel, said inner
guard vessel and said outer guard vessel,

9. The apparatus of claim 7 wherein:

(a) said warm means coniprises a plate and a con-
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trolled heat source positioned in close proximity to

. said plate;

(b) said cold and warm plates are flat and spaced in
parallel relationship with each other and form be-
tween them a space wherein said specimen may
be placed; and

(c) means are included to cooperate with said plates to
position them in thermal contact with said specimen.

10. The apparatus of claim 9 further including means
within said specimen chamber for indicating at points out-
side said evacuatable housing the distance between said
cold and warm plates.

11. The apparatus of claim 18 further including:

(a) atemperature controlling means located within said

evacuatable housing; and

(b) means cooperating with said outer guard vessel to
adjust its position for effecting thermal contact of
said temperature controlling means.

12. An apparatus for determining the thermal conduc-
tivity of a specimen by the heat iransfer therethrough
comprising:

(a) cold means having a bottom surface for making

thermal contact with said specimen;

(b) a measuring vessel, the botiom of which is integral
with said cold means;

(c) a plurality of guard vessels surrounding all but
thefottom of said measuring vessel;

(d) a’plurality of vacuum spaces, one located between
the measuring vesse! and the one of said gnard ves-
sels adjacent thereto and one spaced between each
adjacent guard vessel;

(e) means connected to said measuring vessel and said
plurality of guard vessels for introducing a cryogenic
fluid therein;

(f) means connected to said plurality of vacuum spaces
for exhausting the air therefrom to form a vacuum
therein;

(g) warm means, in spaced relationship to said cold
means, and having a top surface for supporting and
making thermal contact with said specimen;

(h) support means forming with the bottom of said
warm means a fluid-tight volume below said warm
means;

(i) liquid circulating means associated with said fluid-
tight volume to impinge a liquid of controlled tem-
perature upon said bottom of said warm means and
to withdraw said lxqmd from said fluid-tight volume;

(i) a vacuum-tight specimen chamber integral with said
cold means and the bottom of the guard vessel of
said plurality of said guard vessels adjacent to said
measuring vessel and surrounding said fluid-tight
volume;

(k) means attached to said support means for ver-
tically moving said warm means to vary the distance
between said warm means and cold means;

(1) vent means cooperating with said plurality of guard
vessels to remove gas boiled off from the cryogenic
fluid therein; 4

(m) conduit means connected to said measuring vessel
for removal of gas boiled off from the cryogenic
fluid therein; and

(n) evacuatable housing means surrounding said warm
and cold plates and the associated apparatus which
serves to keep them at essentially constant tempera-
tures, whereby, when the test conditions are attained
in the specimen chamber and said warm and cold
means are adjusted to their desired temperatures and
maintain pressure contact on either side of said speci-
men only the heat transferred through said specimen
in contact with said cold means causes gas to be
boiled off from the measuring vessel and pass by its
conduit means to a gas volume measuring means,
the gas volume being a measure of the thermsl con-
ductivity of said specimen.

13. Apparatus adapted to determine the thermal con-

ductivity of a sample through the indirect determination
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of ‘heat transferred through said sample, comprising in
combination:

(a) a cold flat plate, the bottom surface of which is
adapted to be brought into thermal contact with said
sample;

(b) a fluid vessel, the bottom of which is integral with

. said cold flat plate;

(¢) conduit means adapted to introduce a cryogenic
fluid into said fluid vessel;

(d) vent means adapted to remove gas boiled off from
said cryogenic fluid in said fluid vessel, whereby said
removed gas is communicated with a gas volume
measuring means;

(e) an inner guard vessel substantially surrounding the
top and the wall of said fluid vessel and spaced
therefrom, and adapted to contain a cryogenic fluid;

(f) conduit means adapted to introduce a cryogenic
fluid into said inner guard vessel;

¢) vent means adapted to remove gas boiled off from
said cryogenic fluid in said inner guard vessel;

(h) an outer guard vessel substantially surrounding the
top and the wall of said inner guard vessel and spaced
therefrom and adapted to contain a cryogenic fluid;

(i) conduit means adapted to introduce a cryogenic
fluid into said outer guard vessel;

() vent means adapted to remove gas boiled off from
said cryogenic fluid in said outer guard vessel;

(k) a warm flat plate under and spaced in parallel rela-
tionship to said cold flat plate, the top surface of said
warm flat plate being adapted to support and ther-
mally contact said sample; &

(1) support means forming with the bottom of said
warm flat plate a fluid-tight volume below said warm
plate;

(m) liquid circulating means adapted to impinge a
liquid of controlled temperature upon said bottom
of said warm flat means and to withdraw said liquid
from said fluid-tight volume;

(n) a vacuum-tight specimen chamber integral with
said cold flat plate and the bottom of said inner guard
vessel and surrounding said fluid-tight volume;

(o) means for vertically moving said warm flat plate
with said support means whereby the distance be-
tween said warm plate and said cold plate may be
changed; and

(p) evacuatable housing means surrounding said cold
and warm plates and that portion of their associated
apparatus which serves to keep said plates at essen-
tially constant temperatures.

14. Apparatus in accordance with claim 13 further

characterized as including means within said specimen
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chamber for indicating at points outside said evacuatable
housing the distance between said cold and warm plates.

15. Apparatus in accordance with claim 13 wherein
said evacuatable housing means comprises a lower and
an upper portion, whereby said upper portion may be
raised for ready access to said specimen chamber.

16. Apparatus in accordance with claim 13 wherein
said warm flat plate has radial channels thereby to readily
equalize test conditions over the bottom surface of said
sample.

17. Apparatus in accordance with claim 13 further
characterized as including means for adjusting the posi-
tion of said outer guard vessel and for effecting thermal
contact of temperature controlling means within said
evacuatable housing means.

18. Apparatus in accordance with claim 13 further
characterized as including shield means located within
said fluid vessel, said inner guard vessel and said outer
guard vessel.

19. In a thermal conductivity measuring system com-
priging a housing; a chamber located within said housing;
a temperature differential means, including warm and cold
means, co-operating with said chamber; and a heat gen-
erating means for varying the temperature of said warm
means of said temperature differential means, wherein the
heat generating means comprises:

.(a) a fluid distribution pipe positioned below said

warm means and having a plurality of ports therein;

(b) a fluid line connected to said fluid distribution pipe

for passing a constant-temperature fluid thereto,
whereby the fluid is sprayed from said ports, and
strikes the bottom portion of said warm means to
maintain it at a desired temperature; and

(¢) a vent line positioned to remove excess fluid sprayed

from said ports.
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